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tion by soil microbes. Studies reported for laboratory slurry micro-
cosms of subsoil and ground water show that microbes in many soils
inherently biodegrade aromatic hydrocarbons at varying rates (5 to
50 percent per day) (Barker et al., 1987; Chiang et al., 1989; Gilham et
al., 1990; Hutchins et al., 1991; Kemblowski et al., 1987; Major et al.,
1988; and Thomas et al., 1990). These biodecay rates are usually first
order; they occur with low levels of hydrocarbon (50 to 10,000 ppb);
and they are rapid with adequate dissolved oxygen (e.g., 2 to 3 mg
oxygen per milligram of hydrocarbon). Field estimates of hydrocar-
bon biodegradation rates calculated from fate and transport models
using data from upstream and downstream monitoring wells have
shown that plume BTEX compounds usually decrease at rates of 0.5
to 1.5 percent per day (Barker et al., 1987; Chiang et al., 1989; Kemblowski
et al., 1987; Rifai et al., 1988; and Wilson et al., 1991). Laboratory and
field data suggest that in a well-studied sandy aquifer a minimum, or
threshold, level (>1 to 2 ppm) of dissolved oxygen may be required
to sustain hydrocarbon degradation (Chiang et al., 1989).

It should be emphasized that laboratory and field data have con-
firmed that all BTEX compounds can be biodegraded under aerobic
conditions (dissolved oxygen in ground water) in aquifer subsoils in
which oxygen is the terminal electron acceptor. Soil microcosm ex-
periments or enrichments of aquifer material have shown that tolu-
ene and xylenes can be degraded by microbes under iron-reducing,
denitrifying, and sulfate-reducing (anaerobic or very low dissolved
oxygen) conditions when ferric ion (Fe3+), nitrate ion (NO3~), and
sulfate ion (SO42~), respectively, serve as electron acceptors (Beller et
al., 1992; Edwards et al., 1992; Hutchins, 1991; Lovley et al., 1989; and
Zeyer et al., 1986). Field evidence is insufficient, however, to demon-
strate that BTEX is biodegraded under anaerobic conditions in an
aquifer.

LEVELS OF INTRINSIC ATTENUATION IN
GROUND WATER

Evidence from site characterization, ground water monitoring,
and modeling at field sites suggests that there may be two levels of
intrinsic bioremediation. Figure 1 shows these aspects of a plume in
which one is stabilized (A) and the other is reducing (B) in size and
extent of contamination. In Figure 1A the hydrogeological features
indicate that ground water velocity (also BTEX and dissolved oxy-
gen) and recharge are slow because of low permeability of the aqui-
fer subsoil. Dissolved oxygen is low within the plume (e.g., <1 ppm).
Oxygen is detected in monitoring wells at the edges and is respon-